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© Fault diagnosis system for rotor winding of rotary electric machine. 



© A fault diagnosis system for a rotor winding of 
rotary electric machines is disclosed, in which the 
rotor winding of rotary field type (1) is excited in DC 
fashion by an excitation circuit (2. 3. 4. 9), on which 
an AC voltage is superposed, the Impedance of the 
rotor winding (1) is calculated from the current and 
voltage of the AC portion flowing in the rotor winding 
(1), and the resulting impedance is compared with a 
reference impedance thereby to decide a fault, if 
"any, of the rotor winding (1), thus making possible 
accurate diagnosis of a rotary electric machine even 
while it is running. 
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FAULT DIAGNOSIS SYSTEM FOR ROTOR WINDING OF ROTARY ELECTRIC MACHINE 



BACKGROUND OF THE INVENTION 

The present invention relates to a fault diagno- 
sis system for a rotor winding of a rotary electric 5 
machine such as a large-capacity turbine gener- 
ator, or more in particular to a rotor winding fault 
diagnosis system suitable for detecting inter-layer 
shorting of the rotor winding. 

Conventional rotor winding fault diagnosis sys- w 
terns of this type generally used in the past, as one 
of su^ examples ^ ^ 

4,377.784 or JP-A-58-12555. comprises a magnetic 
flux detector for detecting the magnetic fluxes gen- 
erated In proximity of the surface of the rotor rs 
thereby to determine whether the rotor winding is 
in fault or not 

In these conventional rotor winding fault di- 
agnosis systems, however, a magnetic flux detec- 
tor is required to be projected into the rotary ma- zo 
chine for continuous monitor, and therefore the 
problem of damage during rotation or heating un- 
der high magnetic field is posed, resulting in a low 
reliability in long operation. In cases other than 
continuous operation, the magnetic flux detector is 25 
inserted into the rotary electric machine while the 
rotor is rotating, thus giving rise to a danger of 
contact between the rotor and the magnetic flux 
detector. Further, in a rotary electric machine of 
hydrogen-cooling type so constructed that a mag- oo 
netic flux detector is inserted from outside the 
machine, the insertion work is difficult as hydrogen 
is sealed inside. 

In order to solve these problems, a rotor wind- 
ing fault diagnosis system shown in Fig. 2 has as 
been suggested by the same inventor as those of 
the present invention. As shown in Fig. 2. a field 
winding 1 .Is supplied with a field current from 
excitation means 2. and the system further com- 
prises a field current detector 3 and a field voltage <w 
detector 4. The field current I detected at the field 
current detector 3 and the field voltage V detected 
at the field voltage detector 4 are used to calculate 
the field resistance R t = Wl at a given time point t 
by an arithmetic unit 5. This field resistance R t is 45 
stored in a memory, while a field resistance R t . 
Atstored a predetermined time At before the time 
point t is produced from a memory 6. and Is 
compared with the field resistance R t . If the ab- 
solute value of the difference between them is so 
larger than a predetermined value AR, a signal is 
produced as an alarm from a comparator 7. The 
alarm signal thus produced from the comparator 7 
is displayed on a display unit 8. 

In this configuration for comparing th field 



resistance R t at a given tim point t with the field 
resistance R t .^t at a time point t - At. if a fault such 
as an inter-layer shorting occurs in the field wind- 
ing 1 during the time period At, the field resistance 
R t .At = 0*5 ohm at a time point t - At becomes R t 
s 0.4 ohm at the time point t. for example. As a 
result the absolute value of the difference between 
the field resistor R,.at and the field resistance R t 
becomes 0.1 ohm. Assume that the value AR is set 
to 0.05 ohm. 
Then. 

R t -(R t -At) ; > AR ........ (1) - 

An alarm signal is thus produced from the com- 
parator 7. and a fault is indicated on the display 
unit 8. n 

If the field winding 1 is disconnected, on the 
other hand, the field resistance R t .&t at time point t 
- At becomes R t = «Q at time point L As a 
consequence, the absolute value of the differenc 
between the two field resistances is »Q. Therefore. £ 
if the value AR is set at 0.05 ohm. 

= R t -(R t -At) i > R (2) 

The comparator 7 thus produces an alarm signal 
with a fault indicated on the display unit 8. 

In this way, such a fault as an inter-layer short- 
ing or disconnection of the rotor winding is de- 
tected by the field current detector 3 and the field 
voltage detector 4 installed outside of the rotary 
electric machine on the one hand, and if the value 
AR is set properly, it is possible to diagnose a fault 
of the rotor winding without being affected by the 
faulty operation due to noises or the change in field 
resistance due to temperature increase of the field 
winding on the other. 

The above-described conventional rotor wind- 
ing fault diagnosis systems in which a fault is 
detected by the winding resistance of the rotor A , 
winding, however, has the disadvantage that if an 
inter-layer shorting occurs in the rotor winding, for 
instance, the difference between the winding resis- 
tance before and after occurrence of the inter-layer 
shorting of the rotor winding is very much de- ^j* 
creased to an undetectable extent In the case of a 
great number of turns of the rotor winding involved, 
so that applications of the diagnosis system are 
limited. 



SUMMARY OF THE INVENTION 

The object of the present invention is to pro- 
vide a fault diagnosis system for a rotor winding of 
a rotary electric machine which is capable of de- 
tecting an inter-layer shorting of the rotor winding 
with high accuracy even during operation. 
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In order to achieve the above-mentioned ob- 
ject, there is provided according to the present 
invention a fault diagnosis system comprising a 
power supply for superposing an AC voltage on the 
DC voltage of excitation means of the rotor wind- 
ing, a field voltage detector for detecting an AC 
portion of the voltage of the rotor winding of an 
excitation circuit, a field current detector for detect- 
ing an AC portion of the current'flowing in the rotor 
winding, an arithmetic unit for calculating the im- 
pedance of the rotor winding from the voltage and 
current detected from the field voltage detector and 
the field current detector respectively, and fault 
decision means for deciding a fault of the rotor 
winding from the value of the impedance. In this 
configuration, in the case where an AC voltage V is 
applied to the excitation circuit and an AC current I 
flows therein, the impedance Z* of the rotor winding 
is given as 

Z; = VI (3) 

In the case of an inter-layer shorting of the rotor 
winding where a number AN of winding turns out of 
N are shorted and become ineffective, on the other 
hand, the impedance Z of the rotor winding is 
expressed as 

Z = Zo (1 - A N/N) 

= Zo -AZi (4) 

In view of the fact that an AC current is supplied by 
a power supply, however, there flows in the shorted 
number AN of turns of the winding such a current 
as to offset the magnetic fluxes generated in the 
sound number of turns of winding (N - AN) by the 
electromagnetic induction. As a result, assuming 
that the reduction in impedance due to the elec- 
tromagnetic induction is AZ2, the apparent imped- 
ance Z of the rotor winding is given as 

Z = Zo -AZi -AZz (5) 

it is seen from this equation that the impedance 
reduction is further increased by AZa as compared 
with when a DC current is supplied, thereby in- 
creasing the detection accuracy. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing a configu- 
ration of a rotor winding fault diagnosis system 
according to an embodiment of the present inven- 
tion. 

Fig. 2 is a block diagram showing a configu- 
ration of a conventional rotor winding fault diagno- 
sis system. 



DESCRIPTION OF THE PREFERRED EMBODI- 
MfcNT 

An embodiment of the present invention will be 
5 explained b low with reference to the accompany- 
ing drawings. 

Fig. 1 is a block diagram for explaining the 
operating principle of a fault diagnosis system for a 
rotor winding of rotary electric machines, in which a 
io rotor winding 1 of field winding type is supplied 
with a DC voltage by excitation means 2 on th 
one hand and with an AC voltage from a power 
supply 10 through a transformer (DC-AC super- 
posing means) 9 on the other. This excitation cir- 

is cuit includes a field voltage detector 4 for detecting 
the AC portion of the voltage of the rotor winding 1 
and a field current detector 3 for detecting the AC 
portion flowing the rotor winding 1 . that is. a super- 
posed AC portion. Trie field voltage V AC detected 

20 at the field voltage detector 4 and the field current 
Iac detected at the field current detector 3 are 
applied to an arithmetic unit 5, whereby the imped- 
ance Z of the rotor winding 1 is calculated from the 
field voltage V AC and the field current l AC . The 

25 impedance Z thus calculated is applied to a fault 
decision means 1 1 for deciding a fault of the rotor 
winding t. The fault decision means 11 includes a 
comparator 7 for comparing the impedance Z cal- 
culated with a reference impedance Zo of th rotor 

jo winding 1 produced from a reference signal gener- 
ator 12. and a display unit 8 for displaying a fault, if 
any, or an alarm unit for sounding an alarm. 

In this manner, the excitation circuit is supplied 
with the DC voltage Voc and the current Worn the 

35 excitation means 2. together with the AC voltage 
Vac and AC current l AC superposed by the power 
supply 10. The arithmetic unit 5 produces the im- 
pedance Z of the rotor winding 1 from the field 
voltage V AC detected at the field voltage detector 4 

40 and the field current Iac detected at the field cur- 
rent detector 3 as shown below. 

2 * VacIac (6) 

The impedance Z is compared with a reference 
impedance Zo from the reference signal generator 

45 12 at the comparator 7. and if the absolute value 
!Zo -Zl of the difference therebetween is larger than 
the reference value AZ, an alarm signal is pro- 
duced with a fault indicated on the display unit 8. 
Assume that the reference impedance Z; is 10 ohm 

so and the reference value AZ is 3 ohm, for instance, 
the output of the arithmetic unit 5 is given as Z = 
10 ohm if there is no fault in the rotor winding. 
Thus. 

i Zo -Z i < AZ (7) 

55 In this case, the comparator 7 produces no alarm 
signal. 

Assume that an inter-layer shorting has oc- 
curred In the rotor winding 1 and the 2-ohm portion 
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of the field winding 1 has become ineffective. In 
equation (4), Z» = 2 ohm, and Z = 10 * 2 = 8 
ohm. In this case, if the inter-layer shorting of the 
rotor winding 1 were diagnosed by a winding resis- 
tance as in the conventional way. 

Z, -Z < AZ (8) 

and in spite of an inter-layer shorting that has 
occurred, the comparator 7 .whould not issue any 
alarm signal. According to the embodiment under 
consideration, by contrast the use of the AC power 
supply 10 permits a current to How offsetting the 
magnetic fluxes generated in a sound number of 
turns of winding by the electromagnetic induction, 
which in turn reduces the impedance &Zz. If Z2 = 
3 ohm. for instance, the impedance Z of the rotor 
winding 1 is given as Z = 10-2-3 = 5 ohm from 
equation (5). and thus. 

Zo -Z > AZ (9) 

As a result, the comparator 7 issues an alarm 
signal with a fault indicated on the display unit 8. 

If a disconnection causes the impedance Z of 
the rotor winding 1 to be »Q, on the other hand, 

• Z: -Z I > AZ 
In similar manner, the comparator 7 produces an 
alarm signal and a fault is indicated on the display 
unit 8. 

The value AZ should be set with a certain 
margin taking a faulty operation due to noises into 
consideration. 

In this way, the detection accuracy of the inter- 
layer shorting of the rotor winding 1 is improved, 
and the rotor winding can be diagnosed without 
affecting the DC excitation current ioc of * n © excita- 
tion circuit The diagnosis of a fault is thus possible 
even while the rotary electric machine is running. 

The fault decision means 11 is not limited to 
the configuration shown in the drawings. For in- 
stance, the output of the arithmetic unit 5 may be 
displayed on the display unit 8 and used for de- 
cision. Also, the reference* impedance Zc which 
may be set in advance, may alternatively be pro- 
duced in such a manner that as shown in Fig. 2. 
the impedance at a given time point calculated by 
the arithmetic unit 5 is stored in a memory and an 
impedance stored a predetermined time before the 
given time is produced as a reference impedance 
Zo from the reference signal generator 12. 

Further, the AC voltage to be superposed is 
preferably small so as not to adversely affect the 
DC excitation, or 10% or less of the excitation 
voltage. 

It will thus be understood from the foregoing 
description that according to the present invention, 
an AC power supply means is included in the 
excitation circuit and the AC portion of the voltage 
of the rotor winding and the AC portion of the 
current thereof are used to calculate the imped- 
ance of the rotor winding and thus to decide wheth- 



er there is a fault of the rotor winding on the basis 
of the impedance thus calculated, so that a highly 
accurate fault detection is possible by utilizing the 
electromagnetic induction even while the rotary 
5 electric machine is in operation. 



Claims 

10 1 . A fault diagnosis system for the rotor wind- 

ing (1) of a rotary electric machine comprising a 
rotor winding of rotary field type (1) and an excita- 
tion circuit (2. 3. 4. 9) for exciting the rotor winding 

(I) in DC fashion. 

75 characterized in that an AC voltage is superposed 
on the excitation circuit {2. 3. 4. 9), the impedance 
of the rotor winding (1) is calculated from the 
superposed voltage value and the value of the AC 
current flowing in the excitation circuit (2. 3, 4. 9). 

20 and the impedance is compared with a predeter- 
mined reference impedance thereby to decide a 
fault of the rotor winding (1) from the magnitude of 
the difference between the impedance and th 
reference impedance. 

25 2. A fault diagnosis system for the rotor wind- 
ing (1) of a rotary electric machine comprising a 
rotor winding of rotary field type (1) and DC excita- 
tion means (2) for exciting the rotor winding (l). 
characterized by a power supply (10) for super- 

30 posing an AC voltage on the DC voltage of the 
excitation means (2), a field voltage detector (4) for 
detecting the AC portion of the voltage of the rotor 
winding (1), a field current detector (3) for detecting 
the AC portion of the current flowing in the rotor 

35 winding (1)..an arithmetic unit (5) for calculating th 
impedance of the rotor winding (1) from the voltage 
and the current detected by said field voltage de- 
tector (4) and the field current detector (3) respec- 
tively, and fault decision means (11) for deciding a 

40 fault of the rotor winding (1) from the impedance 
calculated by the arithmetic unit (5). 

3. A fault diagnosis system according to Claim 
2, characterized in that said fault decision means 

(II) includes a reference signal generator (12) for 
45 producing a reference impedance, and a compara- 
tor (7) for comparing the impedance calculated by 
the arithmetic unit (5) with the reference impedance 
and producing an alarm signal when the difference 
between said impedance and said reference im- 

so pedance exceeds a predetermined value. 

4. A fault diagnosis system according to Claim 
2 or Claim 3, 

characterized In 

that the magnitude of the AC voltage superposed 
55 on the DC voltage is not more than 10 o/ o. 

5. A fault diagnosis system according to any of 
the Claims 2 to 4. 

characterized in 
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that the reference impedance produced by said 
reference signal generator (12) is provided by an 
impedance value of the rotor winding (1) calculated 
by the arithmetic unit (5) a predetermined time in 
advance. 
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